Abstract: Castor bean (Ricinus communis L.) seeds serve as raw material for the production of nonedible oil used in medicine and industry, whereas the presence of allergenic and toxic proteins in the residue left after oil extraction precludes the use of this protein-rich by-product in animal feeding. To better understand the enzymes involved in the biosynthesis and degradation of fatty acids and to identify proteins with toxic/anti-nutritional properties, extracts of developing and germinating seeds were prepared and prefractionated according to solubility properties of the proteins. An enriched plastid organelle fraction embracing mostly plastids and mitochondria was also prepared. Two-dimensional electrophoresis (2DE) reference maps of these fractions were obtained from which nearly 400 proteins were identified by matrix-assisted laser desorption ionization-time of flight-time of flight (MALDI-TOF-TOF) mass spectrometry after a search in a National Center for Biotechnology Information (NCBI) database and in an expressed sequence tag (EST) primary bank prepared from a cDNA library of developing seeds. These proteomics techniques resulted in the identification of several classes of seed reserve proteins such as 2S albumins, legumin-like and seed storage proteins, as well as other proteins of plastidial or mitochondrial functions and proteins involved in plant defense against biotic and abiotic stresses. It is expected that the collected data will facilitate the application of genetic techniques to improve the quality/profile of castor seed fatty acids, and pave the way for a rational approach to inactivate allergenic and toxic proteins, allowing the use of castor bean meal in animal feeding.
INTRODUCTION
The castor bean (Ricinus communis L.) plant is cultivated for harvesting the unique oil produced in its seeds [1] , which has a broad application in industry and is also used as raw material for the production of biodiesel. The residue remaining after the oil is extracted is not used as animal feed because it contains toxic proteins such as the ribosome-inactivating protein ricin and allergens [2] . The development of genotypes better suited for the production of biodiesel and devoided of toxic/allergenic proteins is being hampered by a lack of understanding of (a) the metabolic pathways and enzymes leading to the production of fatty acids during seed development and its degradation during germination and (b) the proteins that are deposited during seed development. Although the castor bean has long been used as a model for studying fatty acid metabolism in plants [3] , there are still large gaps regarding the expression pattern of several genes related to fatty acid synthesis and degradation. Additionally, even though most of the toxicity and allergenicity of the residue obtained after extracting seed oil can be ascribed to the presence in high levels of ricin, one of the most toxic proteins found in nature, and of allergens belonging to the 2S albumins protein family, very few studies [4, 5] have been conducted in order to ascertain the expression patterns of these proteins during seed development, as well as ascertaining the presence of other classes of toxic and/or allergenic seed proteins. Below we describe data obtained by two-dimensional electrophoresis (2DE) and mass spectrometry to address these questions.
cDNA LIBRARY OF DEVELOPING CASTOR SEEDS
To date, very few biochemical studies have been conducted with castor genotypes from Brazil, and therefore molecular data on Brazilian genotypes are scanty. For this reason, a cDNA library was constructed using a pool of total RNA extracted from developing seeds (cv. Nordestina) 20, 30, and 40 days after pollination (DAP). This library was used to generate a primary database of expressed sequence tags (ESTs) that was used for protein identification by mass spectrometry. The EST bank contains 6608 ESTs from 5'-ends of the cDNA clones, representing 2678 unique transcripts. EST lengths ranged from 100 to 1010 bp, averaging 774 bp ( Fig. 1) by sequencing a cDNA library from developing castor seeds from an unnamed genotype. The availability of this database, together with that of the National Center for Biotechnology Information (NCBI) which comprised 112 235 nucleotide sequences in January 2009, allowed the identification of a great number of proteins from developing and mature castor bean seeds. 
TWO-DIMENSIONAL GEL PROTEOME REFERENCE MAPS OF DEVELOPING AND GERMINATING SEEDS
The morphological criteria established by Greenwood and Bewley [7] were used to classify the developmental stages of seeds. Total protein was extracted from each of the relevant stages according to Vasconcelos et al. [8] and Nogueira et al. [9] . These protein samples were used to prepare reference maps (Fig. 2) . At Stage III, the deposition of seed reserve proteins begins, and at Stage V the protein pattern is indistinguishable from that of mature seeds. The maps also allowed the comparison of the deposition patterns of specific proteins. For example, as shown in Fig. 2 , the deposition patterns of the three classes of seed reserve proteins that are present in castor seeds (2S albumins, legumin-like proteins, and seed storage proteins) have different deposition patterns. It remains to be established whether the deposition patterns of these proteins have any bearing on their physiological function in the seed.
Attempts to identify proteins of spots excised from the reference maps shown in Fig. 2 indicate that they are mostly populated by a great diversity of seed reserve proteins belonging to three different families (Table 2 ). This lead to us to fractionate the castor seed endosperm proteins according to solubility properties, as performed previously Hurkman and Tanaka [10] for wheat endosperm proteins. So, four different protein fractions (albumins, globulins, CM proteins, and gliadins and glutenins) were prepared and subjected to two-dimensional gel electrophoresis (2D-GE) (Fig. 4) . Proteome analysis of castor bean seeds 263 
PROTEIN IDENTIFICATION
Selected spots from the reference maps were analyzed to evaluate the compatibility between protein extraction/2DE procedures and mass spectrometry as well as to disclose the protein classes that populate each reference map. Standard procedures [14] to analyze the protein spots by mass spectrometry were employed. Briefly, spots excised from Coomassie-stained polyacrylamide gels were destained and digested with sequencing-grade modified trypsin. Matrix-assisted laser desorption ionization-time of flight-time of flight (MALDI-TOF-TOF) tandem mass spectrometry spectra were acquired in an ABI 4700 Proteomics Analyzer (Applied Biosystems) using 3,5-dimethoxy-4-hydroxycinnamic acid as matrix and the resulting data by the GPS Explorer package (Applied Biosystems). Acquired mass spectral data were queried against both our EST and NCBI databases, using the MASCOT search engine. Search parameters were: mass accuracy of ±50 ppm and carboxyamidomethyl cysteine and methionine sulfoxide modifications. Homology search was performed against NCBI protein database using innitially "Viridiplantae taxa". Approximately 150 proteins deposited during the development of castor bean seeds from the maps shown in Fig. 2 were identified. Most of them encompass a wide range of pI and molecular weight and belong to one of the three classes of seed reserve proteins: 2S albumins (8 %), legumin-like proteins (48 %), and seed storage protein (17 %). This heterogeneity is consistent with the fact that seed reserve proteins are coded by multi-gene families [15] . Other proteins such as ricin and superoxide dismutase (Table 2) were also identified.
Because the protein population in the reference maps made it difficult to identify other less abundant proteins, different enriched fractions were prepared based only in protein solubility. The new reference maps (Fig. 4) were enriched in certain protein classes (Table 2 ). For example, the albumin fraction was almost devoid of legumin-like and seed storage proteins, but enriched in 2S albumins. The plastid-enriched fraction map (Fig. 5) shows more than 1100 resolved protein spots and has very significant differences from other maps. Most of the identified proteins have plastidial or mitochondrial functions, confirming the evidence gathered by TEM (Fig. 5A ). Subcellular fractionation techniques are being developed [16] to obtain extracts of each purer organelle for further processing by proteomic techniques. 
CONCLUDING REMARKS
High-quality and reproducible 2D reference maps of morphologically well defined stages of developing castor seeds and of germinating seeds were prepared. In order to obtain protein fractions enriched in less abundant proteins, castor seed extracts were fractionated according to solubility properties and maps of each fraction were obtained. A further refinement in the 2D mapping of castor seed proteins was achieved by preparing an organelle-enriched fraction which embraced plastids and mitochondria mostly. It was also demonstrated that the experimental condition used, namely, protein extraction and fractionation and 2D separation, are compatible with MALDI-TOF-TOF-tandem mass spectrometry for the processing and identification in the EST primary database prepared from a cDNA library of developing castor bean seeds. This combination of techniques resulted in the identification of more than 400 proteins from diverse classes. These results demonstrate the feasibility of using a 2D-based proteomics approach to elucidate the proteome of castor bean seeds. The availability of this proteome will facilitate the application of modern genetics-based techniques to improve the quality/profile of castor seed fatty acids, and by unraveling the proteins that have toxic/allergenic properties, paving the way for a rational use of the residue resulting from oil extraction in the diet of farm animals. Work is in progress toward these goals.
